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9. Measurement  
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Hard bake / min 
Abbe (o) 
± (0.1)  
Ref n20 (Avg) 
± (0.00098) 
Ref n25 (Avg) 
± (0.00098) 
1 0 30.4 1.57851 1.57848 
2 1 32.7 1.59657 1.59654 
3 3 34.3 1.60814 1.60811 
4 5 35.7 1.61759 1.61756 
5 10 36.4 1.62204 1.62201 
6 15 36.2 1.62102 1.62099 
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&#30/.*,+$,1$2*%".$)/'..#&*+%SQT$'+3$*8(&,C#3$.,.'2$*+.#&+'2$&#12#/.*,+$9!LU<$'.$."#$OP?Q$4,0+3'&56$
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!"#"# 7+)54@(0)*4+ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" AB 
!"#"C 65/=)5/&)8/+)-654)404' """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" AD 
-
!"C EF)*0&'-8*054?04FGH-I'(45/?0/*+-*?4)1*40G&+&)/-JI7.KL 
!"C"# 7+)54@(0)*4+ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" AD 
!"C"C M&)/5*&'?-&+@-M/)14@?"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" AD 
-
!"B N6;-K1&5&0)/5*:&)*4+ 















&))&01*+,- )4- &- ?/+?45- ?(53&0/- )1&)- 0&+- 5/04,+*:/- ?F/0*3*0- 9*4'4,*0&'- 84'/0('/?- *+- &+- &+&'G)/-
?4'()*4+"-7+-)1*?-?/0)*4+S-)1/-F540/??/?-)1&)-T/5/-*+%4'%/@-*+-F54)/*+-*8849*'*:&)*4+-4+-)1/-;<=>-
@*?U-5/?4+&)45?-&5/-@/?05*9/@"-.1/-&*8?-345-)1*?-?/0)*4+-&5/-)4-/VF'45/-)1/-@*33/5/+)-F54)404'?-)4-
*8849*'*:/- 9*4)*+- &+@- )4- @/)/58*+/- T1*01- 4+/- 0&+- 9/- 9/?)- F/53458/@- 345- ?F/0*3*0- 9*4)*+=
?)5/F)&%*@*+- 9*+@*+,- *+?*@/- )1/- 6WM;- 8*0543'(*@*0- 01&++/'- F'&0/@- 4%/5- )1/- 4F)*0&'- 5/?4+&)45-
@/%*0/"- .1*?- *+%4'%/@- @/)/58*+*+,- )1/- 3(+0)*4+&'- ,54(F?- 4+- )1/- ;<=>- F4'G8/5- ?(53&0/S- (?*+,-
@*33/5/+)-F54)404'?-345-*8849*'*:&)*4+S-&+@-)1/+-&??/??*+,-)1/-?(53&0/-04%/5&,/"-.T4-/?)&9'*?1/@-
8/)14@?- J3'(45/?0/+0/- 8*054?04FG- &+@- N=5&G- F14)4/'/0)54+- ?F/0)54?04FG- JN6;LL- T/5/- (?/@- 345-
01&5&0)/5*:*+,-43-)1/-@/,5//-43-?(53&0/-3(+0)*4+&'*:&)*4+"-7)-?14('@-9/-&FF5/0*&)/@-)1&)-?*+0/-)1/-
3&95*0&)*4+- 43- )1/- /'/0)54+- 9/&8- T5*))/+- @/%*0/- *?- 5/'&)*%/'G- /VF/+?*%/- &+@- )1/- 4F)*0&'-
8/&?(5/8/+)?- &5/- &+- *+%4'%/@- F540/??S- *)- *?- *8F45)&+)- )4- 4F)*8*?/- &+@- 9/- 04+3*@/+)- *+- )1/-
?(53&0/- 3(+0)*4+&'*:&)*4+- &?F/0)- 43- )1/- 9*4?/+?45- 3&95*0&)*4+- F540/??"- I&*'(5/- )4- @4- )1*?- 04('@-
,*%/-5*?/-)4-8*?'/&@*+,-*+)/5F5/)&)*4+-43-4F)*0&'-8/&?(5/8/+)?"--
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76<*+965# -2=>.# :*+;4"# +&# ?7(# ";*)%$(# %)?(*# ?7(# <(8(5+4,(&?# 4*+$(""# %&<# 7%*<# '%@(<# 4*+$(""A#
0B&$(# '+?7# +)# ?7("(# :*+;4"# %*(# *(5%?B8(56# ;&*(%$?B8(/# B&# +*<(*# ?+# B,,+'B5B"(# 'B+,+5($;5("# )+*#
4*+?(B&# 'B&<B&:# "?;<B("/# ?7(# 0123# ";*)%$(# &((<"# ?+# '(# %$?B8%?(<A# 0(8(*%5# 4*+?+$+5"# 7%8(# '((&#
4;'5B"7(<#+&#0123#4+56,(*#";*)%$(#,+<B)B$%?B+&#B&#+*<(*#?+#B&?*+<;$(/#)+*#(9%,45(#C:D#4*+?(B&EFG/#
HI!EJG/# 7;,%&# C:DEKGELG/# 7;,%&# :*+M?7# 7+*,+&(# -7D>.ENG# %&<# ,+;"(# C:DEOGA# D(&(*%556/# ?7(#
,(?7+<"#;"(<#7%8(#;"(<#?($7&BP;("#?+#:(&(*%?(#);&$?B+&%5#:*+;4"#";$7#%"#76<*+965#-2=>./#%,B&(#




$7*+,B$# %$B<# "+5;?B+&# -RJQ*J=S# %&<# ";547;*B$# %$B<# >J0=L.





C&#+*<(*# ?+#<(?(*,B&(# ?7(#4*("(&$(#+)# ?7(# );&$?B+&%5# :*+;4"#+)# 0123#4+56,(*#%)?(*# ?7(#





0123# *("B"?# -WB$*+Q7(,# Q+*4/# 10!.# B"# ;"(<# %"# %# )%'*B$%?B+&# "?*;$?;*(A# X+*# ?7(# 4*(2
?*(%?,(&?# "?(4/# B&"?(%<# +)# ;"B&:# $7*+,B$# %$B<# -M7B$7# ,%6# <("?*+6# 5B?7+:*%47B$# )(%?;*("./# ?7(#
"%,45("#M(*(#?*(%?(<#;&<(*#%&#=J#45%",%#)+*#KY#"#%?#FYYZA#T7(6#M(*(#B&$;'%?(<#B&#%#<("B$$%?+*#
MB?7#K2%,B&+4*+465#?*B(?7+96"B5%&(#-![T\0#]]^.#-0B:,%#!5<*B$7/#10!.#-"((#E::(-C2F%E"!"#.#;&<(*#
8%4+;*#$+&<B?B+&"#+8(*&B:7?#%?#ON+QA#!55# "%,45("# -?*(%?(<#%&<#;&2?*(%?(<.#M(*(# B&$;'%?(<#MB?7#
)5;+*("$(B&# B"+?7B+$6%&%?(# -XCTQ.# -0B:,%# !5<*B$7/# 10!.# <B""+58(<# B&# <B,(?765# ";5)+9B<(# -HW0=.#
-0B:,%# !5<*B$7/# 10!.# )+*# F# 7+;*# %?# *++,# ?(,4(*%?;*(A# !)?(*# *B&"B&:# %&<# <*6B&:/# ?7(6# M(*(#
(9%,B&(<#;&<(*#?7(#+4?B$%5#,B$*+"$+4(#!9B+#='"(*8(*#-_(B""#!D/#D(*,%&6./#<B))(*(&?#+'`($?B8(#
5(&"("# -FYa/# JYa# %&<# LYa.# MB?7# 7(54# +)# %&# XCTQ# I+AF# )B5?(*# -_(B""# !D/# D(*,%&6.# %"# "7+M&# B&#
1234'(%!"$A#X;55#4*+?+$+5#+)#0123#);&$?B+&%5#:*+;4#<(?($?B+&#$%&#'(#)+;&<#B&#E::(-C2F%E"!"$A###
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%,6&(# @*+14"# .(*(# 6&0*+-1$(-# +&0+# 0/(# "1*)%$(;# %"# (?6-(&$(-# '<# 0/(# 5%*@(# 6&$*(%"(# 6&#
)51+*("$(&$(#)+55+.6&@#789:#6&$1'%06+&'%"#"/+.&#6&'!"#$%&'()*'+.-'/01'+2-=#7*+,#0/6"#4*(56,6&%*<#
789:# 0("06&@# *("150;# 0*(%0,(&0# +)# 0/(# ABCD# "1*)%$(# '<# %,6&+"65%&(# .%"# %# "160%'5(# ,(%&"# +)#
)1&$06+&%56E%06+&# .60/# F>3# @*+14"# )+*# 6&?("06@%06+&"# +&# 4*+0(6&# 6,,+'656E%06+&# 0/%0# .(*(#
$+&-1$0(-#0/*+1@/+10#0/6"#0/("6"=#
9+# 0("0# ./6$/# %"4($0"# +)# 0/(# 4*(C0*(%0,(&0# 4*+$(-1*(# 6&# !"#$%&' ()*# .(*(# %'"+510(5<#
&($(""%*<;#%#)1*0/(*#"(*6("#+)#(G4(*6,(&0"#.(*(#4(*)+*,(-=#9+#(G%,6&(#6)#0/(#23#45%",%#4*+$(""#
/%-# '((&# ())($06?(# 6&# '*(%H6&@# 0/(# (4+G<# @*+14"# '+&-# +*# ./(0/(*# %&<# *(,%6&(-# +&# 0/(# ABCD#
"1*)%$(;# %# "(0# +)# (G4(*6,(&0"# .(*(# $+&"0*1$0(-# 6&# ./6$/# (0/<5(&(-6%,6&(# I:3>DF3J# IA6@,%#
!5-*6$/;#BA!J#.%"#1"(-#%"#%#4+0(&06%5#"1*)%$(#,+-6)6(*#0/%0#*(%$0(-#-6*($05<#.60/#(4+G<#@*+14"=#
9/6"#.%"#$%**6(-#+10#'($%1"(#4(*?6+1"#.+*H#/%-#*(4+*0(-;#6&"0(%-#+)#/<-*+G<5#@*+14#IC2>J#+&#ABC
D# "1*)%$(# %)0(*# 45%",%# 0*(%0,(&0KLM;# 0/(*(# .%"# %# 4+""6'6560<# 0/%0# 0/(# (4+G<# @*+14KDM# *(,%6&(-#
6&0%$0=#9/1";#%#4*+0(6&#6,,+'656E%06+&#4*+0+$+5#.%"#4(*)+*,(-#.60/#+&(#"(0#+)#"%,45("#4*(4%*(-#
1"6&@# N=OP# "154/1*6$# %$6-# I>3A2QJ# IA6@,%C!5-*6$/;#BA!J# 0*(%0,(&0# %)0(*# 0/(# 45%",%# "0(4;#%&-#%#
"($+&-# "(0# 4*(4%*(-# 1"6&@# (0/<5(&(-6%,6&(# I:3>DF3J# 0*(%0,(&0=# 7+55+.6&@# (60/(*# +)# 0/("(# 4*(C
0*(%0,(&0;# 0/(# "%,45("# .(*(# 0/(&# 0*(%0(-# .60/# !R9SA# TDU;# '6+06&%,6-+/(G%&+<5CVC
%,6&+/(G%&+6$# %$6-# FC/<-*+G<"1$$6&6,6-(# ("0(*# IF>AC'6+06&JIA6@,%C!5-*6$/;# BA!J# %&-# )6&%55<#
"0*(40%?6-6&# .60/# 789:# $+&W1@%0("# KTM# %"# "/+.&# 6&# 0/(# @*6-# +)#3/,4&' ()5=# !"# '()+*(;# "1'"0*%0("#
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@;A:1%& '(BC"D& @$:61%45%25%& ;3"A%4& 6<& 08%& +,-.& /"00%12& 62& +;E+;FG& 4:#401"0%& 0"H%2& #I& 6/0;5"$&
3;516456/%& 9;08& @J!K& <;$0%1(& CLMD& N1;A80& <;%$7& ;3"A%& 6<& +,-.& /"00%12& C4O:"1%D& 62& 08%& +;FG&






+"3/$%& & & & & &
L)& FG&/$"43"& PG+FQ& & & &
LG& FG&/$"43"& PG+FQ& LS!T+&UUV& & &
LB& FG&/$"43"& PG+FQ& LS!T+&UUV& WP+-#;60;2& &
LQ& FG&/$"43"& PG+FQ& LS!T+&UUV& WP+-#;60;2& 401%/0"?;7;2-@J!K&
L'& FG&/$"43"& PG+FQ& LS!T+&UUV& & 401%/0"?;7;2-@J!K&
LX& FG&/$"43"& PG+FQ& & WP+-#;60;2& 401%/0"?;7;2-@J!K&
LY& FG&/$"43"& PG+FQ& & & 401%/0"?;7;2-@J!K&
L.& FG&/$"43"& & & & 401%/0"?;7;2-@J!K&
& & & & & &
+"3/$%& & & & & &
N)& FG&/$"43"& KGP.WG& & & &
NG& FG&/$"43"& KGP.WG& LS!T+&UUV& & &
NB& FG&/$"43"& KGP.WG& LS!T+&UUV& WP+-#;60;2& &
NQ& FG&/$"43"& KGP.WG& LS!T+&UUV& WP+-#;60;2& 401%/0"?;7;2-@J!K&
N'& FG&/$"43"& KGP.WG& LS!T+&UUV& & 401%/0"?;7;2-@J!K&
NX& FG&/$"43"& KGP.WG& & WP+-#;60;2& 401%/0"?;7;2-@J!K&
NY& FG&/$"43"& KGP.WG& & & 401%/0"?;7;2-@J!K&
N.& FG&/$"43"& & & & 401%/0"?;7;2-@J!K&
*) *+*, *-*.
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"#$%&'! ()*+,-! ".%/&'01'21'! #34$'0! /5! 67'! 89:;! <466'&2! /2! 8#=8#>?! 0%,06&46'! 64@'2! ,A! /<6#14.!
3#1&/01/<'! B#67! "CDE! 5#.6'&)! +F(-! >?! <.4034G! H?8>IG! FJDK8! LLM! 42N! 06&'<64O#N#2:"CDEP! +FQ-! >?!





"#$%&'! ()*+1-! ".%/&'01'21'! #34$'0! /5! 67'! 89:;! <466'&2! /2! 8#=8#>?! 0%,06&46'! 64@'2! ,A! /<6#14.!
3#1&/01/<'! B#67! "CDE! 5#.6'&)! +UV-! >?! <.4034! 42N! '67A.'2'N#43#2'P! +U?-! >?! <.4034G!
'67A.'2'N#43#2'! 42N! FJDK8! LLMP! +U*-! >?! <.4034G! '67A.'2'N#43#2'G! FJDK8! LLM! 42N! RH8:,#/6#2!





"#$%&'! ()*+N-! ".%/&'01'21'! #34$'0! /5! 67'! 89:;! <466'&2! /2! 8#=8#>?! 0%,06&46'! 64@'2! ,A! /<6#14.!
3#1&/01/<'!B#67!"CDE!5#.6'&)!+U(-!>?!<.4034G!'67A.'2'N#43#2'G!FJDK8!LLM!42N!06&'<64O#N#2:"CDEP!
+UQ-!>?!<.4034G!'67A.'2'N#43#2'G!RH8:,#/6#2!42N!06&'<64O#N#2:"CDE!+N4&@!0S%4&'!#0!89:;!<466'&2-P!
+UT-! >?! <.4034G! '67A.'2'N#43#2'! 42N! 06&'<64O#N#2:"CDEP! +U;-! >?! <.4034! 42N! 06&'<64O#N#2:"CDE!
#21%,46#/2)!
"# "$ "%"&
"' "( ") "*
+*+)+(+'
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"-6%?"#R(*80-6% ,0?,.*".)%"*)",2%J$&,%9",%+8,,&?EF%?)#"0,)% .$)%SP:5?&8.&-%9",% *)"#.)6%)T0"EEF%
9)EE%9&.$%.$)%:;5<%+"..)*-%"-6%:&=>%,0*C"#),%4",%,0((),.)6%?F%#8'+"*&,8-%8C%IQ%"-6%IG72%
D'+8*."-.EFK%&.%#80E6%?)%6)60#)6%.$".%.$)%,.*)+."H&6&-%9",%?80-6%H&"%.$)%?&8.&-%(*80+%?F%












.*"#)% "#*8,,% .$)% :;5<% +"..)*-% 8C% ,"'+E),% ,0?V)#.)6% .8% .$)% #8'+E).)% &''8?&E&W".&8-% +*8.8#8E,2%
IE,8%,$89-%"*)%.$)%CE08*),#)-#)%#80-.,%C8*%,"'+E)%4I@7K%",%*)C)*)-#)2%J$)%+E8..)6%(*"+$%,$89,%
.$".%.$)%"H)*"()%#80-.,%C8*%.$)%P>:=Q%,"'+E)%4IQ7%9",%"++*8B&'".)EF%@3A%#80-.,X+&B)E%9$&E)%C8*%
.$)% ).$FE)-)6&"'&-)% .*)".)6% ,"'+E)% 4OQ7K% .$)*)% 9)*)% 8-EF% YA% #80-.,X+&B)E% 8-% "H)*"()2% J$&,%
6)'8-,.*".)6% .$".% .$)*)% 9",% $&($)*% #8-#)-.*".&8-% 8C% ?&8.&-5,.*)+."H&6&-5/DJN% ?&-6&-(% 8-% .$)%
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!"#$% &'$()*% $"+,$% *"'% *'-.'-/0% +1% 2-% '3+40% &#-5% *+% &'62#-% +3'-% 21*'&% *"'% 2$"#-5% 3&+/'$$% 2-.%
1+&6%789%5&+(3$%(-.'&%*"'%"#5"'&%2/#.#*0%/+-.#*#+-$%+1%:;<=%9>?8@
A<B;%%
C-% /+-/)($#+-D% 9>?8@% 3&'7*&'2*6'-*% 2$% 32&*% +1% *"'% 3&+*'#-% #66+E#)#F2*#+-% 3&+*+/+)%,2$%











?263)'% % % % % % % T+*'$%
O<% ?H7I% 8>%L)2$62% 9>?8@% % % % %
O>% ?H7I% 8>%L)2$62% 9>?8@% PL!U?% % % %
OV% ?H7I% 8>%L)2$62% 9>?8@% PL!U?% T9?7E#+*#-% % -+%$*&'3*2G#.#-7JC!O%
O@% ?H7I% 8>%L)2$62% 9>?8@% PL!U?% T9?7E#+*#-% $*&'3*7JC!O% %
OS% ?H7I% 8>%L)2$62% 9>?8@% PL!U?% % $*&'3*7JC!O% -+%T9?7E#+*#-%
OW% ?H7I% 8>%L)2$62% 9>?8@% % T9?7E#+*#-% $*&'3*7JC!O% -+%PL!U?%
OX% ?H7I% 8>%L)2$62% 9>?8@% % % $*&'3*7JC!O% -+%PL!U?%7%-+%E#+*#-%
OI% ?H7I% 8>%L)2$62% % % % $*&'3*7JC!O% -+%9>?8@7PL!U?7Y#+*#-%
OM% ?H7I% 8>%L)2$62% 9>?8@% % T9?7E#+*#-% % -+%PL!U?%7%-+%?*%
O<:% ?H7I% 8>%L)2$62% % PL!U?% T9?7E#+*#-% $*&'3*7JC!O% 8>%3)2$62%V:$'/%Z%<::[%
O<<% ?H7I% 8>%L)2$62% % PL!U?% T9?7E#+*#-% $*&'3*7JC!O% 8>%3)2$62%S%6#-%Z%<::[%
O<>% ?H7I% % % PL!U?% T9?7E#+*#-% $*&'3*7JC!O% -+%8>%3)2$627%-+%9>?8@%
O<V% ?H7I% % % % T9?7E#+*#-% $*&'3*7JC!O% %
O<@% ?H7I% % 9>?8@% PL!U?% T9?7E#+*#-% $*&'3*7JC!O% -+%8>%3)2$62%
O<S% ?H7I% 8>%L)2$62% % % % % V:%$'/%Z<::[%
O<W% ?H7I% 8>%L)2$62% % % % % S%6#-%Z<::[%
O<X% ?H7I% 8>%L)2$62% % % % % S%6#-%Z>::[%
O<I% ?H7I% 8>%L)2$62% % % % % V:%$'/%Z>::[%
O<M% ?H7I% % % % % % %
%
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D042/)% ECE:"?% D-2&/)*#)3#)% 0+"4)*% &'% ($)% BRPS% ,"(()/3% &3% B0TB07J% *28*(/"()% ("U)3% 8>% &,(0#"-%
+0#/&*#&,)%.0($%DQKF%'0-()/%8"*)1%&3%*,)#0'0#%*(),*C%:FI?%V/04$(%'0)-1%0+"4)%&'%BRPS%&3%B07J%:FH?%






D042/)% ECE:8?% D-2&/)*#)3#)% 0+"4)*% &'% ($)% BRPS% ,"(()/3% &3% B0TB07J% *28*(/"()% ("U)3% 8>% &,(0#"-%
+0#/&*#&,)% .0($% DQKF% '0-()/% 8"*)1% &3% *,)#0'0#% *(),*C% :FE?% 7J% ,-"*+"=% OJB7G=% 5AK!B% LLM% "31%
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!"#$%&'(&#)*+#',-#./012#334-#562789:;9<#&<=#';>?$;&@9=9<7AB0CD#)CEE,#!"#$%&'(&#)F#(9<,-#./012#





A9JH>?# FIF)=,# A%H:>?'G?<G?# 9(&J?'# :K# ;L?# 2M7N# $&;;?><# :<# 29O29!"# 'H8';>&;?# ;&P?<# 8Q# :$;9G&%#
(9G>:'G:$?# R9;L# AB0C# K9%;?># 8&'?=# :<# '$?G9K9G# ';?$'I# )CE*,# 562789:;9<# &<=# ';>?$;&@9=9<7AB0CD#





A9JH>?# FIF)?,# A%H:>?'G?<G?# 9(&J?'# :K# ;L?# 2M7N# $&;;?><# :<# 29O29!"# 'H8';>&;?# ;&P?<# 8Q# :$;9G&%#
(9G>:'G:$?#R9;L# AB0C# K9%;?># 8&'?=# :<# '$?G9K9G# ';?$'I# )CEV,#!"# $%&'(&# )F#(9<-# E++T,D# )CEN,# !"#
$%&'(&#)F#(9<-#"++T,#&<=#)CE3,#C:<;>:%#2M7N#)H<;>?&;?=,I#




&<=# 2H>K&G?# .<&%Q'9'# )5C122,# %:G&;?=# &;# Y&>?'8H>Q# Z&8:>&;:>Q# R&'# H'?=# ;:# &''&Q# ;L?# 'H>K&G?#




L9JL7>?':%H;9:<# 'G&<'# :@?># >?J9:<'# G:>>?'$:<=9<J# ;:# '$?G9K9G# ?%?(?<;'# 'HGL# &'# G&>8:<# C)E',-#
<9;>:J?<#5)E',-#:_QJ?<#!)E',#&<=#'H%$LH>#2)"$,I#0L?#9<;?J>&;9:<#;9(?'#R?>?#;Q$9G&%%Q#&>:H<=#"+7
U+# (9<# K:># '$?G9K9G# >?J9:<'I# AH>;L?># 9<K:>(&;9:<# &8:H;# ;L?# X/2# ;?GL<9`H?# G&<# 8?# K:H<=# 9<#
34!$345$34#$ 346$
347$348$ 349$
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!!""#$%&'(!)*)+"#$%&'($)&*+,-$)'&.$/&)$0-'102-2$&.2$3(-$'1,,-'3-2$)+-'304*$/&)$&.&,5)-2$65$
7&)&89:$;-0)<1.$=#>#?@$+01'-))<.A$)1B3/&0-$C,-.-(/0123-4#(52%6(78D#$$
E(-$89:$ 3-'(.<F4-$F4&.3<B<-)$ 3(-$6<.2<.A$-.-0A5$1B$-,-'301.)$-*<33-2$ B01*$3(-$)40B&'-$
C3(&3$ 0-B-00-2$ 31$ +(131-,-'301.D$ &B3-0$ 8G0&5$ <00&2<&3<1.#$ E(<)$ -.-0A5$ <)$ '(&0&'3-0<)3<'$ 1B$ 3(-$
-,-*-.3)$ &.2$ 3(-<0$ 61.2<.A$ -.;<01.*-.3$ <.$ 3(-$ )40B&'-$ 1B$ 3(-$ )&*+,-$ 3(4)$ 3(-$ '(-*<'&,$
'1*+1)<3<1.$'&.$6-$2-3-0*<.-2$65$*-&)40<.A$3(-$6<.2<.A$-.-0A5$+-&H$+1)<3<1.)#$
I,3(14A($&,,$1B$3(-$)&*+,-)$C)--$9-:;#(*)<D$/-0-$*-&)40-2$ <.$3(-$89:$*&'(<.-J$1.,5$&$
)*&,,$.4*6-0$1B$-K+-0<*-.3&,,5$ )<A.<B<'&.3$ )&*+,-)$/<,,$6-$2<)'4))-2$(-0-#$I$6&)<'$ )40;-5$)'&.$
1.$3(-$)&*+,-$)40B&'-$A&;-$3(-$)40;-5$+-&H$1B$-,-*-.3$6<.2<.A$-.-0A5$C-LDJ$<3$(&)$&$601&2$0&.A-$
1B$6<.2<.A$-.-0A5$C-LD$)3&03-2$B01*$?=MM$-L$4.3<,$M$-L#$$
=&>?4#( *)@A-B( )(1/)$ 3(-$ )40;-5$ )'&.$ B10$ &$ +,&)*&$ CN=D$ &.2$ &'<2$ CO=:NPD$ 30-&3-2$ :QGR$
)40B&'-$&)$&$+0-G30-&3-2$)&*+,-#$E(-$1.,5$-,-*-.3)$+0-)-.3$&0-$7$&.2$N#$S-&./(<,-J$/(-.$3(-$
)&*+,-$/&)$30-&3-2$/<3($I9E%:$TTUJ$3(-$)40;-5$)'&.$2-*1.)30&3-2$3(&3$&$.<301A-.$VC?)D$)+-'<-)$
(&2$ 6--.$ <.'10+10&3-2$ 1.$ 3(-$ )&*+,-$ )40B&'-#$ W01*$ 3(-$ 2-3&<,-2$ 7C?)D$ 0-A<1.$ )'&.)$ C=&>?4#(
*)CA-B$&.2$=&>?4#(*)CA:BBJ$<3$'&.$6-$)--.$3(&3$3(-0-$<)$&$'(&.A-$<.$61.2<.A$1B$3(-$'&061.$)+-'<-)X$
E(-$ '14.3$ B10$ 3(-$ 7G7$ 6<.2<.A$ +-&H$ &3$ =R@$ -L$ &.2$ 7N=O$ &3$ =RY$ -L$ /-0-$ 0-24'-2$ &B3-0$ 3(-$
&*<.1)<,&.-$/&)$<.30124'-2$&.2$&$B-&340-$'100-)+1.2<.A$31$3(-$7GV$6<.2<.A$)+-'<-)$&++-&0-2$&3$
=RZ#@$ -L!??G?P"#$ :<A.<B<'&.3,5J$ =&>?4#( *)CADB$ 0-;-&,-2$ 3(&3$ 3(-$ .<301A-.$ VC?)D$ )+-'<-)$ /&)$ 1.,5$
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NE! 344#2#5E=!"#$%&'! ()*+,-! #66%/2&32'/! 2:'! FIO/L! &'$#5E! 75&! /3806'! /%&731'/!854#7#'4! HR!
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!"#$%&'()*+,-!"#$%&'()*(#'!(+*(!(+#!',-.+,)!/01.2!.#*3!4%)!(+#!56%(6&!'*$.-#7!(+*(!8*&!
5#! 8-#*)-9! '##&! 6&! (+#! '.#8(),$! %4! '*$.-#! :;! 5#8%$#'! $*'3#"! 4%--%<6&=! '()#.(*>6"6&!
6$$%56-6?*(6%&7! *'! 6&! '*$.-#!:@A! B+#! )*(6%!%4! /! (%!C! 6&! (+#!CD/E56%(6&! 8+#$68*-! '(),8(,)#!<*'!
FG;7!*&"!(+#!)*(6%!4)%$!(+#!HI/!$#*',)#$#&(!<*'!*..)%J6$*(#-9!KALG;7!'+%<6&=!(+*(!$%'(!%4!(+#!
*$6&%'6-*&#! =)%,.'! +*"! 5#8%$#! 4,&8(6%&*-6'#"!<6(+! CD/E56%(6&A! C%(*5-97! (+#! '6?#! %4! (+#! /01.2!
.#*3! 5#8%$#! '$*--#)! <+#&! .)%(#6&! 6'! 6$$%56-6'#"! %&! (+#! ',)4*8#7! *'! 6&! '*$.-#! :@7! ",#! (%!
$*'36&=!%4!56%(6&!59!(+#!-*)=#)!'()#.(*>6"6&!.)%(#6&!$%-#8,-#A!
M'!*!8%&8-,'6%&7!(+#!HI/!)#',-('!+6=+-6=+('!(+*(!(+#!8*)5%&9-!=)%,.!0E:NND!%)!E:NCD2!*&"!
C0F'2! 8%,&('! 6&8)#*'#! 4%)! '*$.-#'! ',5O#8(#"! (%! (+#! 8%$.-#(#! 6$$%56-6?*(6%&! .)%(%8%-A! B+6'!
)#.)#'#&('! (+#! '()#.(*>6"6&EPQB:! 56&"6&=! *(! (+#! #&"! %4! (+#! 6$$%56-6?*(6%&! .)%8#",)#A! B+6'! HI/!
$#*',)#$#&(!.#*3!)#',-('!8%&46)$#"!(+*(!(+#!6&(#)$#"6*(#!'(#.'!%4!*$6&%'6-*&6'*(6%&!*&"!56%(6&!




R6(+! (+#! 8%&46"#&8#! =*6&#"! 4)%$! (+#! ',)4*8#! *''*9'! "#'8)65#"! 6&! /#8(6%&! SAF! (%! SA;7!
'6$6-*)!',)4*8#!$%"6468*(6%&!*&"!6$$%56-6?*(6%&!.)%(%8%-'!<#)#!#$.-%9#"!6&!$68)%4-,6"68!8+*&&#-!
#J.#)6$#&('! 0"6'8,''#"! 6&!<=6>7&%'?2A!M'! 46&*-! 8%&46)$*(6%&! (+*(! (+#'#!<%)3#"! 6&! (+#!8%&46&#"!
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1'=7#2/1! 7-N'/! 3&2.! 3:%2&'1='/='! #.-$'1! #/0#=-7'! 78-7! -! .20'&-7'! &'0%=7#2/! 3:%2&'1='/='!
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Ref Index measured  
by Abbe refractometer 
10 0.174 1.34602 
20 0.261 1.36183 
30 0.436 1.37954 
Unknown 1 0.087 1.33809 
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Items Test 1 Test 2  
 Resonance/nm Shift /nm Resonance/nm Shift /nm 
(1).PBS 745.219 0 745.120 0 
(2).Streptavidin 745.655 0.436 745.550 0.430 
(3).Biotinylated anti 745.916 0.697 745.820 0.700 
(4).Mouse IgG 746.117 0.898 745.990 0.870 
(5).d-biotin 746.700 1.481 746.780 1.660 
(6).PBS 745.480 0.261 745.642 0.552 
&
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:+0;+& :",& 073/52-;%2& "3& 3& @& CDA& ,?& 3+%& .57035/%2& /%,57"7;%& :">%$%783+& 6%"I& ,+043%2& #J&
"66/5K0."3%$J&A()F'&7.&4/5.&L&@&M)D(NCO&7.&/%4%/%7;%&/%,57"7;%&:">%$%783+&6%"I(&P3&/%."07%2&
,3%"2J&"3&3+0,&>"$-%&-730$&3&@&QDA&,(&=-#,%R-%73$J?&3+%&#05307J$"3%2&"730BS5-,%&P8T&EA(AF&.8G.$H&














~  CHAPTER 6: Applying Micro-resonator for Optical Biosensing ~ 















"#$%&'! ()*+,! -.'! /01/%102'3! 04'&0$'! 401%'! 56! &'75808/'!904'1'8$2.! 7.#62:8;! 0//5&3#8$! 25! 2.'!
3#66'&'82! <&52'#8! =#83#8$! 0/2#4#2>! %<58! 2.'! 2#;'! 7/01'! 56! 2.'! '?<'&#;'82! *! @=1%'! 1#8'A! 083!
'?<'&#;'82!B!@&'3! 1#8'A)! @#A!C'6'&'8/'!904'1'8$2.!3%'!25! #;;5=#1#7'3!=#52#8!58!7'87#8$!7%&60/'!




72&'<204#3#8! =583#8$)! -.'! 751%2#58! =07'3! =#52#8! #7! 0=1'! 25! 3#7<10/'! 2.'! =#52#8! $&5%<! 2.02! #7!
08/.5&'3! 25! 2.'! FPHQ!083!01159!2.'!72&'<204#3#8! 25!3&#62!090>! 6&5;!2.'!7%&60/')!-.%7N!9.'8!0!



























































~  CHAPTER 6: Applying Micro-resonator for Optical Biosensing ~ 
  130 
!"#$%&%'"(#)*+,(#)&!-./(*%'!"&#"0(1/(23452(%63(7)*#(-)"%$6"%$%(8&#(&#("9-"',"0(#*%'"(&()*:)"!(
'$%'"%,!&,*$%( $+( 0;1*$,*%( #$.<,*$%( =2>( 6:?6.@( #$.<,*$%( 8*..( )&A"( &( )*:)( !"+!&',*A"( *%0"93(
B$8"A"!C(8)"%(,)"(DEF(!*%#*%:(#$.<,*$%(8&#(*%G"',"0(*%,$(,)"(6*'!$+.<*0*'(')&%%".(&,(,(H(IJ>>(#C(
,)"( 6$%*,$!"0( !"#$%&%'"( #)*+,( #)&!-./( 0"'!"&#"0( ,$( &( ."A".( #*6*.&!( ,$( ,)&,( +$<%0( +$!( ,)"(





!"#$%&%'"( 8&A"."%:,)( !"#-$%#"( &.#$( 0"6$%#,!&,"0( %"&!./( *0"%,*'&.( #)*+,( A&.<"#( ,$( ,)$#"( $+(
!"#$%&'()*+,/.3((
()0' 1$22/%3'
( L%(&( '$%'.<#*$%C( *,(8&#(0"6$%#,!&,"0(,)&,( ,)"(FM;5(-$./6"!(NNO('$<.0(1"(<,*.*#"0(&#(&(
1<.P(!"+!&',*A"(*%0"9(6"&#<!"6"%,(&%0(#)$8"0(&(-!&',*'&.(8&/($+(0","',*%:(,)"(#-"'*+*'(-!$,"*%(
1*%0*%:( 0","',*$%C( &.,)$<:)( ,)"( #)*+,#( *%( !"#$%&%'"(-"&P( &!"( #6&..3( 7)"( +*!#,( "9-"!*6"%,#( ,)&,(
'$%#*#,($+(1<.P(!"+!&',*A"(*%0"9(6"&#<!"6"%,(#)$8"0(&%0("9-.&*%"0(,)"(0","',*$%($+('$%,*%<$<#(
')&%:*%:(#<'!$#"('$%'"%,!&,*$%3(7)"#"(:&*%"0(&(.*%"&!(!".&,*$%#)*-(1",8""%(,)"(!"#$%&%'"(-"&P(
#)*+,( &%0( #<'!$#"( '$%'"%,!&,*$%( ,)&,( &..$8"0( ,)"( 0","!6*%&,*$%( $+( &%( Q<%P%$8%R( #$.<,*$%3( 7)"(
!"#$%&%'"( 8&A"."%:,)( #)*+,( $+( ,)*#( 0"A*'"( *#( &--!$9*6&,"./( 2S( %6?OLMC( '$6-&!"0( ,$( ,)"(
*%0*A*0<&.( -!"-&!"0( #$.<,*$%( &%0( <%P%$8%( '$%'"%,!&,"0( #-"'*"#(8"!"( *0"%,*+*"03( L%( ,)"( #"'$%0(













~  CHAPTER 6: Applying Micro-resonator for Optical Biosensing ~ 





























~  CHAPTER 6: Applying Micro-resonator for Optical Biosensing ~ 



























~ CHAPTER 7: Summary and Future work ~ 






















#>)8- K>L- $1812$(>- A1$)%&- 2$1- &18($)C1&- #%F1#>1$- ;)#>- #>1- (%"(3'8)%"8- #>2#- (2"- C1- &$2;"*- M>1-




C)%81"8%$- #>2#- (2"- C1- A$%&'(1&- '8)"F- 8#2"&2$&- G2C$)(2#)%"- A$%(18818*- /#>1$- )5A%$#2"#-
(>2$2(#1$)8#)(8- )"(3'&1&-%A1$2#)%"-)"-#>1-0)8)C31-;20131"F#>-$1F)%"J-1281-%G-A$%#1)"-)55%C)3)81&-
8'$G2(1-A$%#%(%38-2"&-)"#1F$2#)%"-%G-#>1-&10)(1-;)#>-2-5)($%G3')&)(-&13)01$6-868#15*--
O1"1$2336J- #>1- A$%5)81- %G- $18%"2#%$- &10)(18- G%$- %A#)(23- C)%81"8%$- >28- A$10)%'836- C11"-
&15%"8#$2#1&- C6- '8)"F- P6&1QR- F3288- S+TS9TJ- 4),UH-
S,TSHTJ- 8)3)(%"V%"V)"8'32#%$- W4/!X- SYT- 2"&- A%3651$8-
S?TS.TSZT- 28- #>1- (%$1- 52#1$)23*- !"- #>)8- ;%$<J- 4[VZ- A%3651$- ;28- (>%81"- 28- #>1- (%$1- 52#1$)23- #%-
&1013%A-#>1-81"8)"F-&10)(1-&'1-#%-)#8-202)32C)3)#6-2"&-1281-%G-G2C$)(2#)%"-A$%(188*-M%-&2#1J-5%8#-
%G- #>1- G2C$)(2#1&- &10)(18- >201- 238%- '81&- 2- #'"12C31- 3281$- 2#- \- ]- +YYI- "5- W2#- (%55'")(2#)%"-
;20131"F#>8X-28-#>1-%A1$2#)"F-8%'$(1*-!"-(%"#$28#J-#>1-G2C$)(2#1&-&10)(1-)"-#>)8-;%$<-;28-#%-C1-
&18)F"1&-#%-%A1$2#1-;)#>)"-#>1-0)8)C31-$1F)%"-%G-2AA$%Q)52#136-\-]-YII-^-ZII-"5*-M>1-%A1$2#)%"-
~ CHAPTER 7: Summary and Future work ~ 
  134 
!"#$%$&'()* +&* ()$* #+,+-%$* .$'+/&* '+#$,* ()$* "0#"&("'$,* /1* "#/+0+&'* !"($.* "-,/.2(+/&* 3!)+4)* +,*
,(./&'* +&* ()$* 5678* 2./#+0+&'* $+()$.* %"-$%91.$$* 0$($4(+/&* /.* %"-$%91.$$* 0$($4(+/&* 4/:-+&$0* !+()*
1%;/.$,4$&4$*%"-$%*0$($4(+/&8*"&0*()$*"#"+%"-+%+(<*/1*"*#".+$(<*/1*%+')(*,/;.4$,=**
>$&$."%%<8*()$*:"+&*/-?$4(+#$,*/1*()+,*()$,+,*!$.$*(/*0$,+'&8*1"-.+4"($*"&0*4)"."4($.+,$*
@A9B* 2/%<:$.*:+4./9.$,/&"(/.* 0$#+4$,* 1/.* "22%+4"(+/&,* +&* /2(+4"%* -+/,$&,+&'=* C)$,$*:"?/.* "+:,*
!$.$* "44/:2%+,)$0* "&0* ,/:$* 0$#+4$* "22%+4"(+/&,* +&#$,(+'"($08* -",$0* ;2/&* ()$* $D2$.+:$&("%*




()$* '$&$."%* -$)"#+/;.* /1* 0$#+4$,* "4./,,* "* ."&'$* /1* 2".":$($.,8* 2.+/.* (/* 2$.1/.:+&'* "4(;"%*
$D2$.+:$&(,* !+()* 1"-.+4"($0* 0$#+4$,=* M/!$#$.8* ()$* +&,+')(,* '"+&$0* 1./:* ()$* ,+:;%"(+/&* !$.$*
%+:+($0*,+&4$*()$*,+:;%"(+/&*,/1(!".$*1./:*N;:$.+4"%*4/;%0*/&%<*4/2$*!+()*,:"%%*,(.;4(;.$,=*K/.*
$D":2%$8*(!/*0+:$&,+/&*3OL7*.$,/&"(/.*0$,+'&,*3PI*Q:*/1*."0+;,7*/1*'.$"($.*()"&*PI*Q:*.$R;+.$0*
,+:;%"(+/&* ".$",8*!)+4)*!$.$* 1/;&0* (/* -$* $+()$.* -$</&0* ()$* %+:+(* /1* ()$* ,/1(!".$8* /.* &$$0$0*
%".'$*":/;&(,*/1*:$:/.<*"&0* %/&'*4/:2;("(+/&"%*(+:$,=*SL*,+:;%"(+/&*!",*&/(*2/,,+-%$*"(*"%%=*
T/&,$R;$&(%<8*,+:;%"(+/&,*!$.$*2$.1/.:$0*;,+&'*UVUI()*,4"%$*:/0$%,=*
C)$* 1"-.+4"(+/&* 2./4$,,$,* !$.$* /2(+:+,$0* -<* ;,+&'* ()$* $%$4(./&* -$":* %+()/'."2)<*
1"-.+4"(+/&* (//%,* "&0* %"-/."(/.<* 1"4+%+(+$,* +&* ()$* WXYT=* ZD($&,+#$*!/.E* $&"-%$0* "* OII* &:* '"2*
-$(!$$&* ()$* 0+,E* .$,/&"(/.* ,(.;4(;.$* "&0* -;,*!"#$';+0$* /&* ()$* @A9B* 2/%<:$.* ,(.;4(;.$* (/* -$*
:"0$* "&0* .$2./0;4$0* .$%+"-%<=* M/!$#$.8* 0+11+4;%(+$,*!$.$* 1/;&0* (/* ".+,$*!)$&* (.<+&'* (/*:"E$*
,:"%%$.*'"2,*0;$*(/*+&4/&,+,($&(*$D2"&,+/&*/1*()$*@A9B*2/%<:$.=*




G* HII* [* BII* &:=* C)$* +&(./0;4(+/&* /1* "* LL6* '$&$."($0* "* !+0$* 4/:2/,+($* K@6* "%%/!+&'* ()$*
.$,/&"&4$* !"#$%$&'()* ,)+1(* (/* -$* :/&+(/.$0=* C)$* 4/:2/,+($* K@6* #"%;$* -$(!$$&* ()$* 4$&(."%*
'./;2,*/1*.$,/&"&4$*2"(($.&*!",*"22./D+:"($%<*UI*&:=*C)$,$*.$,/&"&4$*2"(($.&,*!$.$*,;+("-%$*





~ CHAPTER 7: Summary and Future work ~ 
  135 
!"#$%&'( &)%#%&*'#+,%*+-.!( /'#'( 0'#$-#1'2( *-( 2'*'#1+.'( *)'( $".&*+-.%3( 4#-"0!( -$( *)'( 5678(
0-391'#:(%.2(*)'(!*#"&*"#%3(&)%.4'!(+.(*)'(0-391'#(%*(;%#+-"!(!*%4'!(-$(+11-<+3+,%*+-.(0#-*-&-3=(
>/-( &)%#%&*'#+,%*+-.( 1'*)-2!( /'#'( "!'2?( $3"-#'!&'.&'( 3%<'33+.4( "!+.4( @A>B( %.2( CD5( %.%39!+!=(
>)'!'( +.;'!*+4%*+-.!( %33-/'2( -0*+1+,%*+-.( -$( *)'( 0#-*'+.( +11-<+3+,%*+-.( 0#-*-&-3( %.2( !)-/'2(
*)%*(+*(/%!('$$+&+'.*=((
A.(-#2'#(*-(+.*#-2"&'(*)'(%.%39*'!(*-(*)'(!'.!+.4(%#'%:(%(1+&#-$3"+2+&(&)%..'3(!9!*'1(/%!(




2';'3-0( %.( %.*+<-29( <+.2+.4( %!!%9=( G( !'.!+.4( !"#$%&'(/%!( 0#'0%#'2( <9( +11-<+3+!'2( HI57<+-*+.(
%.2( !"<!'J"'.*39( "!'2( *-( 1'%!"#'( *)'( #'!-.%.&'( /%;'3'.4*)( !)+$*( /)'.( $"#*)'#( 1-3'&"3%#(
<+.2+.4( +.*'#%&*+-.!( -&&"##'2:( $-#( 'F%103'( $-#1+.4( %( 1-.-3%9'#( -$:( !*#'0*%;+2+.=( >)+!( /%!(
0'#$-#1'2(<9( +.K'&*+.4(0#'0%#'2(!*#'0*%;+2+.( !-3"*+-.!(-.*-(*)'(<+-*+.93%*'2(2';+&'!(%!(/'33(%!(
-.*-( ".*#'%*'2( 2';+&'!:( L*-( 2+$$'#'.*+%*'( <'*/''.( !0'&+$+&( %.2( .-.7!0'&+$+&( %<!-#0*+-.M=( @#-1(
*)'!'( #'!"3*!:( *)'( #'!-.%.&'( !)+$*( $-#( !*#'0*%;+2+.( <+.2+.4( /%!( 2'*'#1+.'2( LN=OPQ( .1M=( >)'!'(
1'%!"#'1'.*!( %3!-( !)-/'2( *)%*( *)'( !*#'0*%;+2+.( <+.2+.4( +.*'#%&*+-.( -.39( -&&"##'2( /)'.( *)'(
+11-<+3+!'2(<+-*+.(/%!(0#'!'.*(-.(*)'(5678(0-391'#(!"#$%&'=((
@"#*)'#( +.;'!*+4%*+-.!( -.( *)'( &%0%<+3+*9( -$( *)'( $%<#+&%*'2( !'.!-#( *-( 2'*'&*( -.(1"3*+03'(
0#-*'+.( <+.2+.4( +.*'#%&*+-.!( /'#'( 0'#$-#1'2=( A.( *)'!'( 'F0'#+1'.*!:( *)'( $#''( <+.2+.4( !+*'!( -.(
+11-<+3+!'2(!*#'0*%;+2+.(/'#'("!'2(%!(%(<#+24'(*-(<+.2(<+-*+.93%*'2(%.*+<-2+'!=(>/-('F0'#+1'.*!(
/'#'( 0'#$-#1'2( %.2( !'3'&*'2( /%;'3'.4*)( 0'%E!( /'#'( %.%39!'2( *-( 1'%!"#'( *)'( #'!-.%.&'(




*)'( %22+*+-.( -$( &-.&'.*#%*'2( 27<+-*+.( !-3"*+-.!:( /)+&)( /'#'( +.*#-2"&'2( +.*-( *)'( 1+&#-$3"+2+&(
&)%..'3( +.( -#2'#( *-( S#'3'%!'T( *)'( !*#'0*%;+2+.( 1-3'&"3'!( $#-1( *)'( <+-*+.=( >)'!'( 'F0'#+1'.*!(
/'#'(.-*(/)-339( !"&&'!!$"3(%.2( +.( $"*"#':( $"#*)'#('F0'#+1'.*!(.''2(*-(<'(&%##+'2(-"*( *-(<#'%E(
*)'( <+-*+.7!*#'0*%;+2+.( <+.2+.4( %.2( #'4'.'#%*'( *)'( 5678( 0-391'#( !"#$%&':( +.( -#2'#( *-( )%;'(
#'"!%<3'(2';+&'!=((
A.( !"11%#9:( %.2( +.( <#+'$:( *)'( "!'( -$( *)'( &-10%&*( 2';+&'( -$( 5678( 0-391'#( UUV( $-#( %.(
-0*+&%3(<+-!'.!-#(&%.(<'(2''1'2(!"&&'!!$"3=(>)'(!*#%+4)*$-#/%#2($%<#+&%*+-.(0#-&'!!(#'!"3*'2(+.(
%( #%0+2( $%<#+&%*+-.( $3-/(/+*)-"*( 0'#$-#1+.4( %( ."1<'#( -$(1-#'( +.;-3;'2( $%<#+&%*+-.( 0#-&'!!'!:(
!"&)( %!( 2''0( #'%&*+;'( +-.( '*&)+.4( LVAWML%!( 1+4)*( <'( #'J"+#'2( $-#( 43%!!X5+M=( A.( %22+*+-.:( *)'(
~ CHAPTER 7: Summary and Future work ~ 
  136 
!"##"$%&'()*#)*+',"-"-.)/01/*!%$"+"&"'()*#)'20)-,//*3).,1)41,$"-.)+0'300-)'20)+%4)3,50.%"!0),-!)
/04*-,'*/) 3,4) *50/$*60) +() 1/*1*4"-.) '20) "!0,) *#) ,) .,1&044) 4'/%$'%/07) 32"$2) 3,4) ,$2"050!)





<20/0) 30/0) '3*) 1,/') *#) 0:10/"60-'4) 10/#*/60!) "-) '2"4) 40$'"*-8) <20) #"/4') 0:10/"60-')
"-5*&50!)'20)!01*4"'"*-)*#),)'2"-)60',&)#"&6)=>&,'"-%6)=>'??)%4"-.)>&,44(4)@9A)BCCD)9&0$'/*-)A0,6)
95,1*/,'*/)"-)'20)EFGH)$&0,-/**68)<20-)'20)0:10/"60-')3,4)$*-!%$'0!)%4"-.)'20)0:10/"60-',&)
40'%1),4) 42*3-) "-)0,/&"0/)$2,1'0/) =I".%/0)B8B7)H2,1'0/)B?8) J-) '20)40$*-!)40$'"*-)0:10/"60-'7),)
4"6"&,/) 0:10/"60-',&) 40'%1) 42*3-) "-) %06&()$ 7"7) ,-!) %06&()$ 7"8) 3,4) %40!) #*/) '20) 1/*'0"-)
"66*+"&"K,'"*-) 0:10/"60-'48) DLMN) 1*&(60/) 40-4"-.) ,/0,4) "-4"!0) '20) 6"$/*#&%"!"$) $2,--0&) 30/0)
#%-$'"*-,&"40!) 3"'2) GODM+"*'"-) APQRS) =D".6,MT&!/"$27) LDT?) %4"-.) 1/*'*$*&) "-) 95/:')($ ;8) <20)




) T-) *+5"*%4) !"##"$%&'() "-) 6,;"-.) \%,-'"','"50) ,+4*&%'0) 60,4%/060-') 3"'2) '20) 6"$/*M
/04*-,'*/)$*-#".%/,'"*-)"4)"-)3*/;"-.)*%')'20)1/0$"40)4%/#,$0)$*50/,.0)'2,')."504),)$0/',"-)42"#')"-)
/04*-,-$0)3,50&0-.'28)F2"&4')"')6".2')+0)1*44"+&0)'*)!050&*1)#*/6%&,0)'*)!*)'2"4)+,40!)%1*-)'20)
0\%,'"*-4) '2,') !04$/"+0) '20) 1/*1,.,'"*-) *#) &".2') "-) ,) /04*-,'*/) 4(4'067) '2040) ,/0) -*')
4'/,".2'#*/3,/!8)<2%47)"-),-),''061')'*)$"/$%650-')'2"4)1/*+&067),)'2"-)60',&)#"&6)3,4)!01*4"'0!)
*-) '20) /04*-,'*/) 4%/#,$0) 3"'2) '20) ,"6) *#) +0"-.) ,+&0) '*) !01*4"') 30&&) !0#"-0!) &,(0/M+(M&,(0/)
,4406+&"04)='20)!01*4"'"*-)*#)60',&&"$)4%/#,$04) "4)6%$2)+0''0/)!0#"-0!)'2,-)*-),-)DLMN)4%/#,$0)
,-!) $,-) +0) \%,-'"','"50&() 60,4%/0!) %4"-.) 0&0$'/*$206"$,&) */) 0:'0/-,&) I<J]) /0#&0$'"5"'()




$*&*%/"60'/"$) ,44,(4) 2,50) +00-) 1/*1*40!7) %'"&"K"-.) '20) /0$0-'&() *1'"6"40!) 0:10/"60-',&) 40'%1)
=400)%06&()$7"7),-!)%06&()$7"8G/H?7)!050&*10!)"-)'2"4)1/*_0$'8)
~ CHAPTER 7: Summary and Future work ~ 
  137 
!"#$"%&'("#)*)$+#"*,-$ ("*)$#.&#/*0#,($ *)$+1)#-$',$ ("#$-#2*3#$+#*,4$1+5#$ ('$'&#/1(#$ *,$




("#$ <%5*4"($ =>?@$ 3'5'9/$ 3#,(/#7$ A,$ 3',(/1)(:$ ("')#$ 612#5#,4(")$ ("1($ -'$ ,'($ 3'9&5#$ *,('$ ("#$
/#)',1('/$ 1,-$ )'$ 1/#$ ,'($ 1+)'/+#-$ +%$ ("#$ <%5*4"($ =>?@$ 3'5'9/$ 3#,(/#$ 6*55$ &1))$ 15',4$ ("#$ +9)$
612#49*-#$ 6*("'9($ 1((#,91(*',7$ !"9):$ *8$ ("#$ /1(*'$ '8$ ("#$ *,(#,)*(%$ '8$ 1-B13#,($ ',$ 1,-$ '88C
/#)',1,3#$8#1(9/#)$*)$0#1)9/#-:$("*)$)"'95-$-/101(*3155%$-#3/#1)#$*,$)&#3(/15$/#4*',)$6"#/#$("#$
<%5*4"($ =>?@$ 1+)'/+)7$ !"*)$ 6'95-$ '&#,$ 9&$ ("#$ #.3*(*,4$ &'))*+*5*(%$ '8$ +#*,4$ 1+5#$ ('$ &#/8'/0$
1+)'/&(*',$ )&#3(/')3'&%$ 6*("'9($ ("#$ ,##-$ 8'/$ ("#$ D+51,EF$ /#8#/#,3#$ 0#1)9/#0#,()$ ("1($ 1/#$
1561%)$9)#-$*,$39//#,($)&#3(/'&"'('0#(#/$3',8*49/1(*',)$G)##$!""#$%&'(!)*)+H7$
A,*(*15$ #.&#/*0#,()$ ('$ *,2#)(*41(#$ ("#$ -#(#3(*',$ '8$ &/'(#*,$6*("$ 859'/'&"'/#$3',B941(#)$




7&890#( :);( )"'6)$ 1$ )3"#01(*3$ -*14/10$ '8$ 1$ 0'5#3951/$ 1))#0+5%$ 3',)(/93(#-$ 8'/$ ("#$
3'5'9/*0#(/*3$1+)'/&(*',$1))1%7$!"#$'&(*315$/#)&',)#$8/'0$("#$'9(&9($612#49*-#$61)$13Q9*/#-$*,$
/#15$ (*0#$1,-$-9/*,4$ ("#$3'9/)#$'8$ ("#$<%5*4"($=>?@$)(/#&(12*-*,$ *00'+*5*R1(*',7$<A$61(#/$61)$








A00'+*5*)#-$ LMICU*'(*,:$ G+H$ <%5*4"(@$ =>?$ 51+#55#-$ )(/#&(12*-*,$ )'59(*',$ 1,-$ G3H$ U*'(*,C<%5*4"(@$
=>?$)(/#&(12*-*,$+*,-*,47(
SU-8 resonator 
DI Water Dylight® 649 labelled streptavidin 
NHS-Biotin 
 (b) (c) 
~ CHAPTER 7: Summary and Future work ~ 
  138 
!"#$%&' ()*+,-! "#$%"! &#'! (#)*+'! ,*! $-&,().! /'"-$*"'! &#)&! $((0/"! )"! )! ($*"'10'*('! $2!
34.,+#&! 5678! "&/'-&)9,:,*! ;,*:,*+<! =#,"! ,"! )! ($*"'10'*('! $2! &#'! "&/$*+! $-&,().! );"$/-&,$*!
$((0//,*+!%,&#,*!&#,"!/'+,$*<!=#'!"-'(&/$"($-,(!"#)-'!$2!&#,"!/'"-$*"'!,"!:/)>)&,()..4!:,22'/'*&!&$!
















E,+0/'! F<GH! =#'! $-&,().! /'"-$*"'! $2! &#'! 2);/,()&':! :'9,('! ($//'"-$*:! &$! &#'! 34.,+#&8! 567!
"&/'-&)9,:,*!"$.0&,$*!&#)&!%)"!,*I'(&':!,*&$!&#'!>,(/$2.0,:,(!(#)**'.<!C)D!J'"$*)*('!%)9'.'*+&#!
"-'(&/0>!)&!:,22'/'*&!/'($/:':!&,>'"K!&!L!MNN!?!GON!"!C>)+'*&)!.,*'D!)*:!&!L!GFN!?!BNN!"!C+/''*!












































~ CHAPTER 7: Summary and Future work ~ 





()%*+# )%# )(+2"-# %&'# 8<<# ";# ,')%2('1# -';+"1%()%'-# )# -'/(')1'1# ,(+;# B=:::# %+# :=CDD# )1#




),%'(# EF5*7&%G8HC# 1%('4%)6*-*"# 1+52%*+"# 3)1# *"%(+-2/'-# *"%+# %&'# ;*/(+,52*-*/# /&)""'5# 1F1%';=#











O('-# 5*"'P=# E)1&'-# 5*"'# O;)7'"%)P# 1&+31# %&'# ('1+")"/'# 1&*,%# ?',+('# )"-# ),%'(# EF5*7&%# 8HCG#
1%('4%)6*-*"#1%'41=#Q'1+")"/'#14'/%()#3'('#6'(%*/)55F#-*145)/'-#,+(#/5)(*%F=#
I&21$# ?F# '@45+*%*"7# %&'# /)4)?*5*%F# +,# %&'# ,)?(*/)%'-# -'6*/'# )%# %&'# 6*1*?5'# 3)6'5'"7%&#
('7*+"$# ,52+('1/'"/'# 5)?'55'-# ;+5'/25'1# /)"# ?'# 2%*5*1'-# *"# +(-'(# %+# ;')12('# 4(+%'*"# ?*"-*"7#
*"%'()/%*+"# )"-# %&'1'# /)"# ?'# )27;'"%'-# 3*%&# ('1+")"/'# 1&*,%# ;')12(';'"%1# %+# +,,'(# %&'#
4(+14'/%# +,# *;4(+6*"7# %&'# -'%'/%*+"# 5*;*%# *"# )11)F1# +(# ('1+56*"7# %&'# /+"%(*?2%*+"# +,# -*,,'('"%#
























~ CHAPTER 7: Summary and Future work ~ 
  140 
!"#"$#%&'( #"$)'%*+",( %'(-(,%'./"(!"0%$"(1%//(23&0%!"(-(2/-#4&35(4&3(4+3#)"3("')-'$"5"'#(&4(#)"(
&2#%$-/( 6%&,"',&3( %'( "%#)"3( #)"( /-6"/( &3( /-6"/743""( !"#"$#%&'( 5"#)&!8( 9'( -!!%#%&':( 1%#)( #)"(
",#-6/%,)5"'#( &4( 5&3"( $&52/";( 5%$3&4/+%!%$( !"/%0"3<( ,<,#"5:( #)%,( 4-63%$-#"!( !"0%$"( 1%//( /"-!(
#&1-3!,(-'(%'#".3-#"!(&2#%$-/(6%&,"',&3()-0%'.(3"-/(#%5"(!"#"$#%&'($-2-6%/%#%",8(
!"#$ %&'()*+,&'$
9'( $&'$/+,%&':( #)"( 4-63%$-#"!( =>7?( 2&/<5"3( !&+6/"7$-,$-!"!( .-2/",,( !%,@( 3",&'-#&3(
!"0%$"(1%#)(5%$3&4/+%!%$($)-''"/(-33-'."5"'#(,<,#"5(1-,(,+$$",,4+//<(4-63%$-#"!:($)-3-$#"3%,"!(
-'!( -22/%"!( #&( -,,-<( ";2"3%5"'#,( %'( #)%,( 1&3@8( A)"( &2"3-#%&'-/( 1-0"/"'.#)( -#( 0%,%6/"( 3".%&'(
";)%6%#"!( -( 2&#"'#%-/( 2/-#4&35( 4&3( #)"( 3",&'-'$"( 1-0"/"'.#)( ,)%4#( !"#"$#%&'( %'( &2#%$-/(
6%&,"',%'.8( B+#+3"( 1&3@( %,( 4&$+,"!( &'( $&56%'%'.( #)"( 3",&'-'$"( ,)%4#( !"#"$#%&'( -'!( &2#%$-/(





6%&5&/"$+/",( +,%'.( 5%$3&3%'.( 3",&'-#&3,:X( 9QQQ( L&+3'-/( &4( ="/"$#"!( A&2%$,( %'( Y+-'#+5(
Q/"$#3&'%$,:(0&/8(EZ:(228(E[?7E\\:(Z]]^8(
DZF( G8(_-5-$)-'!3-':(=8(W-'.:(L8(J/-3@":(=8(L8(L-:(M8(U&-!:(R8(W-/!:(Q8(V8(B/&&!:(Q8(I'&66":(
L8( T8( N3<'%"1%$C:( =8( A8( J)+:( M8( U%//:( W8( J)"':( S8( I%'.:( -'!( P8( Q8( R%##/":( XG( +'%0"3,-/(
6%&,"',%'.(2/-#4&35(6-,"!(&'(&2#%$-/(5%$3&73%'.(3",&'-#&3,:X(P%&,"',&3,(`(P%&"/"$#3&'%$,:(
0&/8(Za:(228(bab7b[[:(Z]]?8(








5%$3&3%'.( 3",&'-#&3( 1%#)( 2&/<e"#)</"'"( ./<$&/f( 2&/<5"3( 63+,)( 4&3( /-6"/743""( 6%&,"',&3(
-22/%$-#%&',:X(P%&,"',&3,(`(P%&"/"$#3&'%$,:(0&/8(Z[:(228(Z\Z?7Z\aa:(Z]]b8(
~ CHAPTER 7: Summary and Future work ~ 
  141 
!"#$ %&$'()*+*$ (,-$.&$/&$ 01+*+23$ 45*62782*,9$ 2+:7,(172:$;:*,9$<7=>?+2$?(1+2*(=:34$@+7:$ABBCD$
CE1F$ G,,;(=$ 5++1*,9$ 7H$ 1F+$ I+++$ @(:+2:$ J$ K=+61278L<1*6:$ 076*+1>3$ M7=:$ C$ (,-$ A3$
%276++-*,9:3$<<&$NCO8NCPQBO3$ABBC&$
!O#$ R&$ S&$ RF(73$ .&$ T;,93$ (,-$ @&$ U&$ V;73$ 4%7=>?+2$ ?*6272*,9$ 2+:7,(172:$ H72$ )*76F+?*6(=$
:+,:*,9$ (<<=*6(1*7,:34$ I+++$ U7;2,(=$ 7H$ 0+=+61+-$ W7<*6:$ *,$ X;(,1;?$ K=+6127,*6:3$ Y7=&$ CA3$
<<&$CZE8CEA3$ABB"&$
!P#$ 5&$ [(=(\2*:F,(,3$ 5&$ T(66*,*3$ 5&$ [&$ U&$ ]*+?++23$ K&$ U&$ ^=+*,3$ V&$ 0+,973$ G&$ ]2*+::+,3$.&$
M+2)77?3$ (,-$ ]&$ _&$ '+*,F7;-13$ 45*6272*,9$ 2+:7,(172$ )(:+-$ ?7-;=(172$ ?(-+$ )>$ -*2+61$











































N%#%&(448:! )(4-$&(*-+#! +'! *0%! -#.*&/,%#*! 0(.! *+! $%! 2+#%! 7&-+&! *+! ,%(./&%,%#*.! +'!
/#?#+@#!.(,74%.5!O%&%:!(!.*(#2(&2!.-4-)(!7-%)%!@-*0!.7%)-'-)!&%'&()*-1%!-#2%3!+'!D5LIJLJ!.0+/42!
&%(2! DB5PPB+! +#! *0%! &%'&()*+,%*%&! .)(4%! @(.! %,74+8%2! '+&! )(4-$&(*-+#5! "'*%&! *0%! )(4-$&(*-+#!
7&+)%2/&%:!(!.,(44!2&+7!+'!4-;/-2!.(,74%!@(.!7-7%**%!+#*+!*0%!'-3%2!7&-.,!'+&!,%(./&%,%#*5!>0%!
4-;/-2!@-44!$%!.7&%(2!+/*!*+!)+1%&!*0%!'-3%2!7&-.,!-#*%&'()%5!>0%!%8%7-%)%!?#+$!@(.!*/&#%2!/#*-4!
*0%! 7+.-*-+#! @0%&%! *0%! '-%42! @(.! 2-1-2%2! +#*+! 4-=0*! (#2! 2(&?! 7+.-*-+#! Q2(&?! $%4+@R5! >0%!
















A#6157#! ;B+CCC! 3'&#'3! #936&%2'96! 6716! D13! %3':! 6.! E%196#8F! 67'! 1/3.&/195'! .8! 67'! 6'36':!
216'&#10)!G7#3!'E%#42'96!713!1!:.%/0'!/'12!:'3#$9!6.!'97195'!67'!0#9'1&#6F!19:!155%&15F!.8!67'!
:'6'56#.9)! H#$76! 3.%&5'! '9'&$F! #3! :#I#:':! #96.! 6D.! 3'56#.93J! 7108! .8! 67'! 0#$76! D#00! /'! 4133':!
67&.%$7!67'!&'8'&'95'!19:!67'!.67'&!5.%96'&41&6!4&.41$16':!67&.%$7!67'!31240')!(/3.&46#I#6F!.8!
0#$76! 67&.%$7!67'!31240'!D13!2'13%&':!19:!5.241&':! 6.!67'!&'8'&'95'!3#$910K!%3#9$!1!3%#61/0'!
47.6.:'6'56.&)! G7#3! 100.D3!5719$'3!:%'! 6.! 0#$76! 3.%&5'! 80%56%16#.93! 6.!/'!5.24'9316':! 8.&K! 3.!














































+)! -=68:'1! 0'&'! 2&'=2'E! 0#2.! SL! 8:=16=! F/&! 4J! 1! =2! +JJKY! =7E! 2.'7! 2.'! 1=68:'1! 0'&'!
#7C%D=2'E!#7!XL-SI!3J)+R;!/&!'2.9:'7'E#=6#7'!GLXI!3HXL;!L!F/&!/P'&7#$.2)!
L)! -=68:'1!&#71'E!0#2.!0=2'&!3XLS;)!!
4)! -=68:'1! 0'&'! 1/=['E! #7! 2.'! =6#7/1#:=7'! 1/:%2#/7! (>?@-! AAB! 345
(6#7/8&/89:;2&#'2./<91#:=7'Y! IIJ+IJ5(:E&#C.;! #7! 3'2.=7/:! AMB)! \! LJ6:! ]! +A)*! '2.=7/:! W!
J)*!6:!/F!XLJ;)!3?/2=:!46:!(>?@-!#7!AV6:!/F!'2.=7/:;!F/&!L!./%&1!
I)! -=68:'1!0'&'!&#71'E!0#2.!'2.=7/:!=7E!E&#'E)!





  145 







# RM$# +C# )# %'?@-+SH'# %@)%# +-*6>*',# %@'# (@6%6'>'?%&6-# '55'?%# %6# +-*'C%+<)%'# %@'# ?@'7+?)>#
'>'7'-%#6-#%@'#CH&5)?'#65#%@'#C)7(>'"#O+<@T'-'&<U#RT&)U#(@6%6-C#)&'#56?HC',#6-%6#%@'#C)7(>'"#
1@+C#@+<@#'-'&<U# +C#)IC6&I',#IU#%@'#'>'?%&6-#65#%@'#CH&5)?'#'>'7'-%C"#V>'?%&6-C#B+%@#)#C('?+5+?#
'-'&<UW# ,'%'&7+-',# IU# %@'# ()&%+?H>)&# )%67# )-,# RT&)U# '-'&<U#B+>># I'# 'X'?%',# 5&67# %@'# CH&5)?'#
)-,# ?6>>'?%',# IU# )# @'7+C(@'&+?)># )-)>UC'&"# 1@'&'W# %@'# '-'&<U# 65# '>'?%&6-C# +C# 7')CH&',# )-,# )#
&'CH>%+-<#+-%'-C+%U#(')Y#,+C(>)U',#)%#%@'#C('?%&67'%'&"#NU#)-)>UC+-<#%@'#(')Y#(6C+%+6-W#'>'7'-%)>#
C('?+'C#6-# %@'#C)7(>'#?)-#I'#,'%'&7+-',"#$+-?'# %@'#I+-,+-<#'-'&<U#65#'>'?%&6-#6-# %@'#CH&5)?'#
B)C#,+55'&'-%#I'%B''-#%@'#Y-6B-#'-'&<U#65# %@'#RT&)U#I')7#)-,#Y+-'%+?#'-'&<U#65# %@'#'7+%%',#
'>'?%&6-W#%@'#'>'?%&6-#I+-,+-<#'-'&<U#?)-#I'#?)>?H>)%',#5&67#%@'#'SH)%+6-#I'>6BZ#





RM$# 5)?+>+%+'C# %@)%# >6?)%',# +-# ^)&'CIH&U# F)I6&)%6&UW# '7(>6U',# )# @+<@# (6B'&# &6%)%+-<#
)-6,'# =D_3`A# )%# DP!:"9# '["# 1@+C# &6%)%+-<# )-6,'# 6I%)+-',# %@'# 7)Q+7H7# (6B'&# 65# !Ya"# 1@'#
,'%'?%+6-#CUC%'7#?6-C+C%C#65#)#@'7+C(@'&+?)>#'>'?%&6-#)-)>UC'&#)-,#7H>%+T?@)--'>#,'%'?%6&#B@+?@#






































  147 
!"#"$% &'()*+,-.'%/01'2%3(%4355'+,'1%6357,-30"%
!"#$ %#&'()#%#*+$ )#'(,+'$ -.$ )#.)&/+01#$ 0*2#3$ .)-%$ 455#$ )#.)&/+-%#+#)$ &6&0*'+$ +"#$ /-,,#/+#2$
'-,(+0-*$.)-%$-(+,#+$+(50*6$2()0*6$+"#$#37#)0%#*+8%
$$ $$ 8'9,:% 8'9,$% !.')*;'%
/,'<% 67+)39'%=>?@A% !BB'%=3@% &'(%/01'2% !BB'%=3@% &'(%/01'2%&'(%-01'2%
:% ?% 98:;<$ <899=<<$ 98>?>$ <899:<<$ <899=:<$
$% >% ;8?@9$ <89;??>$ ;8?>@$ <89;??>$ <89;??>$
C% :?% ;8A>B$ <89;A?=$ ;8AB<$ <89;A?=$ <89;A?=$
D% :>% =8;;>$ <89=AB;$ =8;9B$ <89=AB;$ <89=AB;$
>% $?% =8:B;$ <89==B<$ =8:@>$ <89==B<$ <89==B<$
#% $>% :8;:>$ <89:9@?$ :8=:9$ <89:;>B$ <89:;9?$
E% C?% :8>9;$ <89:=>@$ :8>A9$ <89:=>@$ <89:=>@$
F% C>% >8<9B$ <89:B>A$ >8?@=$ <89:B>A$ <89:B>A$
G% D?% >8>9@$ <89>=:A$ >8>9=$ <89>=:A$ <89>=:A$
:?% D>% @8A:=$ <89@<=?$ @8A;<$ <89@?=A$ <89@<?<$
::% >?% @8;B9$ <89@9;:$ @8=?>$ <89@9;:$ <89@9;:$
$ $ $ $ $ $ $
$$ $$ 8'9,:% 8'9,$% !.')*;'%
/,'<% 67+)39'%=F?@A% !BB'%=3@% &'(%/01'2% !BB'%=3@% &'(%/01'2%$&'(%/01'2%
:% ?% ;8<;<$ <89;??>$ ;8<;>$ <89;??>$ <89;??>$
$% F% ;8:A=$ <89;=?A$ ;8:<B$ <89;=?A$ <89;=?A$
C% :#% =89;9$ <89=<B=$ =89>?$ <89=AB;$ <89=A;=$
D% $D% =8=@9$ <89=;BA$ =8==@$ <89=;BA$ <89=;BA$
>% C$% >8?<>$ <89:@>9$ >8?<=$ <89:@>9$ <89:@>9$
#% D?% >8BA@$ <89>>=@$ >8B:>$ <89>@=:$ <89>@?>$
E% DF% @8@;>$ <89@:;$ @8>@>$ <89@:;$ <89@:;?$
F% >#% B8:;B$ <89B;A<$ B8:;<$ <89B;A<$ <89B;A<$
G% #D% <?8:;;$ <8;?9B9$ <?8::=$ <8;?;@B$ <8;?;;<$
:?% E$% <<8=>:$ <8;<9=B$ <<8=:9$ <8;<9=B$ <8;<9=B$















5AB76% @/*-/5+7% C434+'5+7% D(0%?3.(:%537%D(+13*32(53)7% @'40/53)7%
"! B% #! $%#! "&$$'%"! (')&"**! #&###!
+! A% $)#! (*#! "&$*##(! (')&+$"! #&#)(!
$! EB% ((#! ""$#! "&$*+#'! (')&+$"! #&#)(!
*! EA% ""'#! "'"#! "&$'+,*! (')&$")! #&"(*!
'! FB% "',#! ")'#! "&$'',"! (')&$")! #&"(*!
%! FA% ",)*! +$$*! "&$%*$#! (')&*#'! #&+%"!
(! $B% +$%#! +(+#! "&$%'()! (')&*#'! #&+%"!
)! $A% +(*'! $"#'! "&$%,(+! (')&*,+! #&$*)!
,! GB% $"$'! $*,'! "&$('%+! (')&%%%! #&'++!
"#! GA% $'$#! $),#! "&$)"#"! (')&%%%! #&'++!
""! AB% GBAB% GGFG% E"$H$G#% IAH"IA$% B"#BJ%
! ! ! ! ! ! !
?/()%
@,2-1+(%
5HB76% @/*-/5+7% C434+'5+7% D(0%?3.(:%537%D(+13*32(53)7% @'40/53)7%
"! B% #! "##! "&$*##(! (')&#+(! #&###!
+! H% "##! *%#! "&$*'#+! (')&""*! #&#)(!
$! E#% '#*! )%*! "&$'+**'! (')&""*! #&#)(!
*! FG% ,$*! "+,*! "&$'*,+! (')&+#"! #&"(*!
'! $F% "+('! "%$'! "&$%)($! (')&+))! #&+%"!
%! GB% "(#$! +#%$! "&$()#(! (')&$('! #&$*)!
(! GH% FEBF% FG#F% E"$HFGH% IAH"#$I% B"#EB%
)! A#% +'%"! +,+"! "&$,*+"! (')&)""! #&()*!
,! #G% +,''! $$"'! "&*#**"! (')&,)'! #&,')!
"#! IF% $$%)! $(+)! "&*"$',! (',&#(+! "&#*'!
""! HB% $)$)! *",)! "&*"*''! (',&+*(! "&++#!
!
!
!
!
!
!
!
!

